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R
ecently there has been a high level of research and clinical interest in the entity eosinophilic esophagitis (EE). Although it initially was recognized that eosinophilic infiltration of esophageal mucosa could arise in the setting of gastroesophageal reflux disease (GERD), 1 more recent literature, first in case reports and series 2, 3 and subsequently in basic science work, has focused on a potential allergic and genetic causes. 4, 5 Multiple studies have described epidemiologic, clinical, endoscopic, and histologic characteristics of the disease. These studies suggest that EE is more predominant in males, young adults, and children, and is associated commonly with a personal and family history of other allergic conditions. 6 -10 Clinically, the most common presentations are dysphagia and heartburn, but symptoms such as nausea and vomiting often are noted in children. 6, 9, 11, 12 Unfortunately, the relatively few number of patients with EE reported in the literature has resulted in limitations on the conclusions one can reach from these studies. Many important epidemiologic and clinical questions remain to be validated fully. For example, because many EE studies examine patients from a single institution, is there any geographic variability in the disease? Is EE limited to specific age groups? How do previously described clinical, histologic, and epidemiologic characteristics vary across a broader population of patients? Has there been an increase in the incidence of EE? Finally, is the finding of EE in an older patient more likely to suggest gastroesophageal reflux as a cause and does the density of eosinophilic mucosal infiltration support this hypothesis? Overall, additional cases from a more diverse group of patients and physicians are necessary both to support current ideas on the disease and to answer some of these important questions.
By using a national pathology database, we were able to identify a large series of patients with EE from a large cohort of patients undergoing upper endoscopy with biopsy. The goal of this study was to better characterize demographic, clinical, and pathologic features of EE in this diverse patient population.
Materials and Methods

Study Design and Database
This study identified patients diagnosed with EE using the Caris Diagnostics Database (based in Irving, TX). This database is derived from all patients referred to Caris Diagnostics, a provider of gastrointestinal pathology services for physicians from community-based freestanding endoscopy centers throughout the United States. Over the study period, the database contained 414,598 patient gastrointestinal pathology cases from 34 different states. This is a predominantly adult database, with 98.5% of patients age 18 or older. The cohort of patients included all adults and children who had upper endoscopies with biopsy of the esophagus and/or gastroesophageal junction from January 2002 through May 2006.
WinSURGE anatomic pathology software (Computer Trust Corporation, Boston, MA) was used to perform all database queries. An initial free-text search was performed to find upper-endoscopy cases between January 1, 2002, and May 31, 2006, in which the word "eosinophilic" was present in the diagnosis and/or comment text. The query results were exported into Microsoft Office Excel 2003 (Microsoft Corporation, Redmond, WA), where manual review of the queried pathology reports was used to eliminate cases for which EE was in fact not originally diagnosed, suggested, or part of the differential diagnosis, histologically. Clinical data for each patient, as provided by the endoscopist, were entered into the database. These included demographic information and the procedure indications for all patients. When available, additional clinical information from endoscopy reports or pathology requisitions also was recorded. These data were provided via various electronic medical record platforms, as well as handwritten formats.
Pathology Review
Once the potential EE cases were identified, a pathology review was performed. All slides were retrieved for each case, and all cases were reviewed by 1 of 3 gastrointestinal pathologists (R.L., C.T., and S.A.). Each case was assessed for the number of eosinophils per 400ϫ high-power fields (HPFs, 2.388 mm 2 ), selecting the 5 most densely populated fields of esophageal squamous epithelium. When tissue was limited to less than 5 fields, assessment was made for those available. A field required that tissue fill at least 50% of the 400ϫ view. Eosinophils were not counted beyond 100/HPF (and in that case were recorded as Ͼ100). When gastric or duodenal biopsies were included, prominent eosinophilia (more than rare, scattered eosinophils) was noted to evaluate for the diagnosis of eosinophilic gastroenteritis. The pathologists were blinded to the original pathology reports.
Inclusion and Exclusion Criteria
Because there is no clear consensus on the definition of EE, we used the following 2 criteria to define our 
Statistical Methods and Analysis
Statistical analysis was performed with Stata version 9.1 (StataCorp, College Station, TX).
Differences between means were tested using a t test. We calculated unadjusted odds ratios with 95% confidence intervals as a measure of association when comparing EE in men vs women. A 2-sample test of proportions was performed to examine differences in sex between adults and children. A Pearson chi-squared statistic was calculated when comparing patients across groups on categoric variables and a chi-square test for trend was used when the order of the groups was believed to be important. The presence of an increasing prevalence of EE from 2002 to 2005 was assessed using the more conservative nonparametric Cuzick test for trend. 13 All patient data were de-identified before analysis, and Health Insurance Portability and Accountability Act (HIPAA) guidelines were followed by the Caris Diagnostics Corporation.
Results
During the study period, esophageal and/or gastroesophageal biopsy specimens were obtained from upper endoscopies in 74,162 unique patients. In this cohort of patients, roughly 98% were adults, and 2% were younger than 18 years. The cohort represented 217 different clients (Ն1 physician at each client endoscopy center) in 34 different states for adult cases, and 74 clients in 23 states for pediatric cases. Over the 5-year study period, the age and sex were very similar year to year, with the yearly average age ranging from 55.4 to 56.3 years, and the yearly male percentage ranging from 49.8% to 51.3%.
The initial free-text search identified 1,052 upperendoscopy cases in which the word "eosinophilic" was present in the diagnosis and/or comment text. After reviewing all 1052 pathology reports, a total of 360 cases were excluded for the following reasons: 341 cases in which the term "eosinophilic esophagitis" was mentioned as a pertinent negative finding, 13 cases of eosinophilic gastritis, 3 cases of eosinophilic colitis (when upper and lower endoscopies were performed simultaneously), and 1 case of eosinophilic duodenitis. In the other 692 cases, EE was either diagnosed, suggested, or part of the pathologist's differential diagnosis. After the histologic rereview, 329 cases did not fulfill our histologic inclusion criteria. Therefore, we identified a total of 363 cases, 308 according to criterion 1 and 55 according to criterion 2. In 345 patients a single esophageal specimen jar was submitted. In 17 patients, 2 jars specifying 2 specific esophageal locations, and in 1 patient 3 jars specifying 3 esophageal locations were submitted.
Of the cases meeting the inclusion criteria, 270 (74.4%) were men and 93 (25.6%) were women. When compared with the gender characteristics of the entire cohort, patients with EE were much more likely to be male than female (odds ratio, 3.0; 95% confidence interval, 2.4 -3.8; P Ͻ .001). The mean age of cases was 37.6 years (range, 14 mo to 98 y). Forty-two children (age, Ͻ18 y) were identified from 12 states and 15 different client endoscopy centers, and 321 adults met criteria from 26 states and 82 different endoscopy centers. Figure 1 shows the age distribution of the cases. Among children, there were 9 females (21%) and 33 males (79%), and among the adult cases there were 84 females (26%) and 237 males (74%). There was no statistically significant difference in the proportion of males between adults and children (P Ͼ .1). The diagnosis of EE was made in a higher proportion of the pediatric cases (2.95%; 42 of 1424) than adult cases (0.44%; 321 of 72,738).
Biopsy specimens were received from 34 states with cases being identified in 26 of the 34 states ( Figure 2 ). Table 1 shows the breakdown of upper endoscopies from each state and also the number of cases from each state. The median number of procedures with biopsies received from each state was 1196 (range, 14 -10,348). States in which EE was identified had an average of 2812 endoscopies submitted to the database (range, 61-10,368) vs an average of 130 in those without EE identified (range, 14 -534; P Ͻ .001).
The peak eosinophil count represents the highest number of eosinophils counted in 1 HPF for each patient. To allow for additional analysis of our cases we divided them into 3 groups based on the peak mucosal eosinophil count (peak mucosal eosinophil counts of 20 -59, 60 -100, and Ͼ100). Many of the cases had very high peak eosinophil counts. A total of 25.1% had a peak mucosal eosinophil count of 20 -59, 29.2% had a peak mucosal eosinophil count of 60 -100, and 45.7% had a peak mucosal eosinophil count of greater than 100. We also examined the distribution of peak counts in children (age, Ͻ18 y: n ϭ 42), young adults (age, 18 -39 y; n ϭ 162), and older adults (age, Ͼ39 y; n ϭ 159). There was not a statistically significant difference across these age groups (Pearson chi square (4) ϭ 6.9, P ϭ .14) (Figure 3 ). In addition, there was no statistically significant difference in the peak mucosal eosinophil count between men and women (Pearson chi square (2) ϭ 1.2249, P ϭ .54). We also analyzed patients whose indication for endoscopy was dysphagia vs those who did not have dysphagia as an indication and found that patients with dysphagia were more likely to have higher peak mucosal eosinophil counts (chi-square test for trend (1) ϭ 14.5; P Ͻ .001).
The most common indications for endoscopy in adult EE cases were dysphagia (70.1%), GERD/heartburn (27.1%), and abdominal pain/dyspepsia (13.1%), with additional indications listed in Table 2 . The most common indications in children (age, Ͻ18 y) were GERD/heartburn (38%), abdominal pain dyspepsia (31%), and dysphagia (26%), with additional indications listed in Table 3 . There is a statistically significant difference between the proportion of children and adult cases with dysphagia (P Ͻ .001). To explore potential differences in indications between men and women we combined several similar indication categories and found that the distribution of the major indications did not differ by sex (Figure 4) .
Patients with dysphagia listed as the primary indication for endoscopy were identified from the entire database and the prevalence of EE was determined in this subset. The year 2006 is excluded from this analysis because we do not have data from the full 12 months. Overall, there were 12,465 upper endoscopies for the indication of dysphagia with biopsies submitted to the database between January 1, 2002, and December 31, 2005. From this group there were 174 cases of EE. The prevalence of EE in this cohort increased significantly Figure 3 . Peak mucosal eosinophil count by age group. The proportion of patients within each eosinophil count group did not differ by age group, 2 (4, n ϭ 363) ϭ 6.9, P ϭ .14). 
Discussion
This study examined a large population of patients with EE derived from a national database. There are several strengths of this study, most notable is that it is one of the largest series of patients with EE to date. Because cases were derived from samples submitted by community practices in 34 of the 50 states it is both geographically diverse and less prone to referral center bias. Cases were nested within the larger cohort of all patients who had undergone an upper endoscopy with biopsy samples submitted to this pathology company. We believe that there was no significant selection bias in this cohort because essentially no patients were derived from tertiary referral centers, and it is our understanding that the vast majority of centers send almost all, if not all, specimens to this facility. Furthermore, as subspecialty gastrointestinal pathologists, we believe that no cases are diverted to other institutions by clinicians based on perceived complexity or difficulty. Although we had limited patient level data on this larger cohort, we were able to perform several unadjusted calculations to explore some of the basic differences between the cases and noncases as well as look at some trends in prevalence among the cases received at the Caris Diagnostics laboratory. As a result, several important conclusions can be made and prior observations in smaller series of patients can be corroborated.
Much like other case series, we found an approximately 3:1 male to female ratio within our cases in both adults and children. 6, 14 This association remained when we examined the cases in comparison with the entire cohort of endoscopies submitted to the database. This lends further statistical strength to the notion that EE is a disease with a significant male predominance. The reasons for this are unclear but genetic factors may be important as outlined in recent studies. 15 Many physicians often think of EE as a disease diagnosed in children and young adults. Our series shows that EE is a disease that spares no age group in that a large proportion of patients were older than age 40 and multiple cases were identified in patients older than age 80. In fact, the largest proportion of patients with EE was found in the 30-to 40-year-old range, not in younger adults and children. There was no difference in gender ratio or peak eosinophil counts across age groups; therefore, there is no need to vary histologic definitions between adults and children.
Although our study was not a true population-based epidemiologic analysis of disease prevalence, by using a national database we were able to confirm that EE truly is a national disease found in all regions of the United States. Cases were identified only in 26 of the 34 states from which biopsies were submitted, but this likely is owing to the relatively small number of samples that were submitted from the other states.
One concern with our findings is that there might be misclassification bias, specifically that patients may have EE from gastroesophageal reflux as opposed to allergy. Several factors in our study design and results mitigate this bias. For example, we opted to use a conservative pathologic definition of EE to define our cases, which would ensure minimal misclassification. The majority of the cases did not fall near this lower cut-off level but tended to have much higher mucosal eosinophilic counts, a pattern not typically seen with reflux-induced eosinophilic infiltrate in which counts of less than 10 per HPF are the norm. 7, 16 Furthermore, the distribution of peak mucosal eosinophil counts was similar across age groups, to the older extremes, which casts doubt on reflux in the elderly as a cause of EE.
As with other series, adults with EE had a high prevalence of dysphagia and heartburn, whereas children had a more subtle and varied presentation. 6, 8, 9, 12 In fact, adults reported dysphagia more than all other indications combined whereas in children it was only the third most common indication, suggesting that these groups differ in their clinical presentations. Although other studies such as the study by Remedios et al 11 had a high percentage of cases presenting with food impaction (42.3%), our study had only 7 of the 363 cases listing food impaction as an indication. The reason for this difference is not known but we postulate that many patients receiving upper endoscopy with biopsy after an episode of food impaction are listed as having dysphagia as their indication. An alternative explanation would be that series from referral centers tend to oversample these emergency-type presentations. Another interesting observation from our data is that patients with dysphagia tended to have higher peak mucosal eosinophil counts than those without dysphagia, suggesting that the amount of infiltration of the mucosa is important in the development of this symptom.
In the 4 complete years of data that were analyzed, the prevalence of EE within the subset of patients who underwent a biopsy for dysphagia increased. Cherian et al 17 showed a similar increase in a pediatric population. There are 2 possible explanations for this trend. The first is that the prevalence truly is increasing, representing an epidemic of sorts. The second is that gastroenterologists have become more knowledgeable about the disease and their choice of who should undergo a biopsy has become more targeted. Population-based studies from geographically diverse populations certainly would help to answer this and other questions.
There were several limitations to this study. As with any database study we were limited by the information available in the database. Although we had endoscopy indications for all cases, we had access to a limited number of full endoscopy reports, and additional clinical history was available only when it was provided on the pathology requisitions forms. Thus, we cannot comment in detail with regard to disease presentation or other clinical factors. Our criteria to identify cases of EE were somewhat conservative. According to criteria used in other studies we may have overlooked more subtle cases of EE. Also, by searching our database for cases referencing the term "eosinophilic," it would necessarily underreport some cases, especially in the earlier years of the study. In addition, some cases might have been regarded as severe reflux esophagitis, based on the limited understanding of this disease and the criteria for its diagnosis at that time. Another reason for likely under-recognition of cases of true EE is sampling error, an issue with all biopsies for any disease, but especially with one known to have a patchy distribution. 18 We had some patients in whom only a single small biopsy specimen was obtained; nevertheless, a diagnosis of EE was confirmed in some of these, even with the stricter criteria used in this study for such limited samples. Finally, the fact that we did not have detailed patient level data on the non-EE cases within the database meant that we were not able to perform multivariable regression or look at other comparisons of EE cases vs noncases. As suggested earlier, the study is not an epidemiologic evaluation of the national population; rather, it is a report of the demographic, clinical, and pathologic characteristics of this condition across a geographically diverse group of patients with EE.
In conclusion, this study confirmed several well-known characteristics of EE, such as the male predominance and the clinical presentation on a much broader geographic scale. More importantly, our study highlights the need to consider this disease in patients with presentations other than dysphagia as well as in older patients. Finally, our observations support further investigation into the increasing prevalence of the disease and how the geographic variations may play into the pathophysiology of the disease. Certainly, we are a step closer to fully understanding EE and to increasing awareness in physicians who could identify and thereby treat patients with this condition.
